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Abstract
1ZS9M0-,5 zeolites offer high performance over the classical shape-selective zeolites for a variety/reactions like the conversion of alcohol and syngas (CO + H2) to hydrocarbons, alkylation.isomerization, disproportionation, naptha reforming etc. The architecture and the size of the ZSM-5 channel systems which matches with the size of the benzene molecule is one of the factors responsible for their superior performance. A series of ZSM-5 zeolites with varying SiO2/Al2O3 mole ratios have been prepared and characterized by chemical analysis. X-ray diffraction, DTA/TG, scanning electron microscopy, infrared spectroscopy, adsorption of hydrocarbons, temperature programmed desorption of ammonia and x-ray photoelectron spectroscopy. These zeolites have been modified by ion-exchange, thermal activation and incorporation of suitable modifiers like phosphorous, boron, magnesium, nickel and platinum. The catalysts thus prepared,have been further characterized by employing the above physicochemical methods and their catalytic properties have been evaluated for toluene disproportionation and transalkylation reactions. The diffusion and sorption properties of these zeolites have been investigated by adsorption of benzene, toluene, para-xylene, cyclohexane, ortho-xylene and 1,2,4 l91 trimethylbenzene which cover the entire range of products formed during toluene disproportionation. The sorption and diffusion in the case of catalysts modified with Ni, P, B and Mg is reduced as compared to HZSM-5. The reduction in the case of the lost three is very much pronounced. The sorption capacity and diffusivity of HZSM-5 zeolites are nearly constant for benzene, toluene and paraxylene irrespective of their SiO2/Al2O3 ratio. However, for cyclohoxane, ortho-xylene and 1,2,4 triniethylbenzene, the sorption capacity and diffusivity decrease with increasing SiO2/Al2O3 ratio. It is suggested that at higher ratios a shrinking of the unit cell takes place. This, in turn, may impose diffusional restrictions on nolecules like o-xylene, cyclohexane and 1,2,4 trimethylbenzene to cause reduction in the adsorbate uptake. This would result in enhanced selectivity for p-xyleney because its diffusivity is independent of SiO2/Al2O3 ratio and disproportionate on of o-xylene to trimethylbenzenes and toluene is marginally reduced.This is, in fact, observed. For the evaluation of number, strength and the stability of Br?nsted acid sites, systematic investigations have been carried out because of their vital role in I reactions and their stability,especially. at higher temperatures. The techniques of therniogravimetry, temperature programmed desorption of ammonia and infrared spectroscopy have been used for this purpose. TG of TEPASSM-5 (ZSM-5 synthesized using triethyl n-propyl ammonium bromide as the templating agent) shows the decomposition of approximately 4 occluded TEPA molecules per unit cell as expected. Two exotherms in DTA thermograms observed during the decomposition of the TEPA-ZSM-5 indicates that the TEPA ions occupy two different sites within the zeolite channels. One site would be at channel intersection with no acid sites nearby while other adjacent to the aluminium sites where TEPA ions act as counter ions. The second stage (at higher temperature) decomposition of TEPA ions is in good agreement with the number of aluminium atoms present in the zeolite indicating that the acid sites are located in at channel intersections. However in the TG thermograms, the two stages were not separated distinctly. In the temperature programed decomposition of NH4ZSM-5, all the ammonia molecules liberated were titrated up to 823 K. The TG curve for decomposition of NE4ZSM-5 wt loss upto 823 K was associated with conversion to H form. Further gradual wt. loss due to dehydroxylation of Br?nsted acid sites was observed in the temperature range 873 to 1273 K, This gradual conversion of Br?nsted acid sites to Lewis acid sites was also confirmed by acidity measurements of the calcined sample at 923, 973 and 1272 K Absence of the weight loss in the temperature range 823-873 K shows that the Br?nsted acid sites are stable in this range and further increase in temperature give rise to formation of Lewis sites via dehydroxylation. Amount of NH3 liberated,when plotted against the number of aluminium atoms/ unit cell,yielded a straight line. However, the slope of this straight line was less than unity indicating that all the aluminium atoms in the zeolite are not located in the framework. These results were confirmed by ir and TPD of the reconstructed NH4ZSM-5. The latter was obtained by chemisorption of ammonia on HZSM-5. The ir bands, observed at 3720 and 3650 cm-1 are attributed to the OH groups generated by extra framework aluminium atoms and the terminal silicon atoms .This corresponds to the TPD peaks observed in the temperature range (420-470 and 373-390) due to desorption of ammonia chemisorbed on these sites. The third ir band observed at 3600 cm-1 corresponds to the OH groups generated by the framework aluminium atoms.A TPD peak observed in the temperature range (620-675) is due to desorption of NH3 chemisorbed at this site. It has been observed that the concentration of the acid sites generated by the extra framework aluminium atoms also increases with increase in aluminium content. To investigate the relationship be two on the nature of acid sites and catalytic activity, the toluene disproportionateon reaction has been studied as a function of calcination temperature of NH4ZSM-5 using conditions parallel to those used for the decomposition of NH4ZSM-5. Toluene conversion is highest in the case of catalysts calcined at 823 to 873Kand decreases with increasing calcination temperature from 873 to 1273 K implying that the Br?nsted rather than Lewis acid sites are the seats of catalytic activity. Keeping the calcination temperature constant (823 K),the catalytic activity for toluene disproportionation for the samples of different SiO2/Al2O3 ratios was evaluated. It was found that the conversions increases with increasing aluminium which is in agreement with the acidity. However, the question arises here whether it is the effect of strong acid sites (generated by framework aluminium atoms) or a combined effect of weak, medium (generated by extra framework aluminium atoms) and strong acid sites. If one assumes it is the effect of three types of acid sites, then the activity per aluminium atom should be atleast equal to that per strong acid site* However, the activity per aluminium is found to be less than that per strong acid site which indicates that the acid sites generated by extra framework aluminium atoms or terminal silicons are inactive in the toluene disproportionation. In the TPD results it is seen that the strength of strong acid sites decreases with increasing SiO2/Al2O3 ratio and/or modification with nickel, boron, magnesium and phosphorous. The catalysts with SiO2/Al2O3 ratios in the range 150 to 320 and modified with above elements convert toluene selectively into one mole of benzene and one mole of xylenes (toluene disproportionation) while the catalysts with SiO2/Al2O3 ratios 36 and 86 convert significant amount of toluene into benzene and gaseous products like methane, ethylene, ethane and so on (toluene dealkylation/cracking) in addition to toluene disproportionation. This indicates that the strong acid sites of higher strength are not suitable for toluene disproportionation,but are suitable for toluene dealkylation and cracking reactions. However, the catalysts modified with boron, magnesium and phosphorous show a poor performance in respect to toluene conversion. On the other hand,the catalysts modified with nickel offer a high performance in respect to toluene conversion as well as selectivity. In the catalytic deactivation of HZSM-5 zeolites,it has been suggested that the presence of [Si (OAln)n-Aln/3 3+ types of centres which show the property of super acid, act as coke synthesizing centres, Then the rate of deactivation of the ZSM-5 zeolite should increase with increasing aluminium since these centres are the results of extra framework aluminium atoms. In the present study the rate of doactivation of the HZSM-5 zeolites during toluene disproportionate on showed that it is directly proportional to the number of aluminium atoms.^ consistent with the above model. The TPD, ir and toluene disproportionation studies have proved the presence of extra framework aluminium ions and support the present results and the concept of super acid. The rate of internal coking that has been observed on account of the above super acid in the ZSM-5 zeolites is much slower than external surface coking. In contrast to HZSM-5 zeolite the NiHZSM-5 zeolite shows a stable activity over a prolonged period of time. The main role of nickel is in keeping the surface 'clean' by hydrogenating the coke precursors that are formed during the disproportionation/transalkylation reactions. This is confirmed by the data obtained in the absence of hydrogen. The presence of nickel in the ZSM-5 zeolite does not confer any additional stability if there is no hydrogen in the reactant stream. Toluene transalkylation with a mixture of C9 aromatics over a series of HZSM-5 zeolites, dealuminated mordenites and HZSM-5 blended with mordenites have been investigated. The influence of process parameters such as temperature, pressure, hydrogen to hydrocarbon ratio, have also been investigated. In contrast to HZSM-5 zeolites, mordenites and HZSM-5 blended with mordenite transalkylate toluene more effectively. It is found that among the C9 aromatics that are present in the feed, the ethyltoluenes are extensively deethylated to toluene* The transalkylation of toluene with C9 aromatics to yield xylenes Occurs mainly on the external surface of ZSM-5 crystals. The disproportionation of toluene to yield benzene and xylenes, on the other hand, takes place predominantly in the pore system. Among the trimethylbenzenes , the bulky 1,3,5-isomer does not undergo transalkylation as readily as the 1,2,3 and 1,2,4 is oners. In this respect, ZSM-5 zeolites differ significantly from H mordenites wherein both the reactions occur mainly in the pore system. This difference is due to the smaller pore diameter in the ZSM-5 zeolites. 


